Performance of skid resistance of warm-mix asphalt with buton natural asphalt-rubber (BNA-R) and zeolite additives as a result of road surface temperature changes Abstract. One of the causes of road deterioration is inundation due to poor drainage conditions. Delays of repair will only exacerbate the distress of road and increase the maintenance costs. This study aimed to determine the pavement maintenance cost for outer ring road of Universitas Indonesia using Life Cycle Cost Analysis (LCCA) method and to determine the most cost-effective maintenance strategies based on the analysis of pavement performance. Based on three pavement maintenance scenarios, the result showed that the most cost-effective maintenance strategy is the first scenario, namely pavement maintenance every two years, with the lowest value of Net Present Value (NPV) of IDR 23,490,602.00. The comparison of NPV values showed the potential reduced cost of IDR 18,826,750.00 from pavement maintenance budget using overlay if the first scenario strategy is implemented.
INTRODUCTION
Pavement is a major part of road infrastructure. Evaluation of pavement performance using pavement condition indicator is the basic component to build pavement management system. The use of indicators, such as pavement condition index (PCI), Present Serviceability Rating (PSR), International Roughness Index (IRI) and others, have been commonly used in the existing pavement maintenance strategies [1] . PCI is a simple way to assess the road surface condition. Road surface distress assessments are limited when the field evaluation is conducted at the time. In this study, PCI was used in relation to the identification of road deterioration based on a comprehensive theory and statistical technique to obtain an appropriate condition value [2] . Many countries use PCI as an assessment base in implementing pavement management systems (PMS) to determine maintenance and rehabilitation costs. PMS is also a program to monitor the information condition of pavement and its performance in the future [3] .
Many roads in some developing countries have inadequate drainage systems, in which distress often starts from cracks and potholes on the road pavement either at the edges or along a road. Although many roads are in poor conditions due to various reasons, poor drainage becomes the most dominant reason [4] . Managing drainage on the road network holistically by identifying costs and benefits, indicating positive gains in economic efficiency of drainage improvement investment [5] .
Nowadays, road agencies have accepted the concept of pavement preventive maintenance (PPM), since its application has shown the true benefits of the owner's point of view. Based on the analysis, PPM influences the life cycle cost of the road [6] . Ideally, the road surface should be dry and free of inundations, however, in reality, the road surface often remains wet and shows the presence of trapped moisture in the base course layer. These indicate the drainage system (surface and sub-surface) is neither adequate nor functional properly at the desired service level.
The paper describes road maintenance strategy with drainage conditions characteristic based on pavement performance on the outer ring road at Universitas Indonesia, Depok, by reviewing and measuring 10.87 km of roads with road width of 6m per lane. The purpose of this study was to plan road maintenance strategy effectively and efficiently based on the results of life cycle cost analysis.
LITERATURE REVIEW

Types, Severity Levels and Conditions Assessment of Pavement Deterioration
There are many types of road deterioration, namely: alligator cracking, bleeding, block cracking, bums and sags, corrugation, depression, edge cracking, joint reflection, lane/shoulder drop off, longitudinal and transverse cracking, patching and patching utility cut, polished aggregate, Potholes, railroad crossings, rutting, shoving, slippage cracking, swell, weathering and raveling. Severity level is the level of road deterioration. The levels of damage used in the calculation of PCI are low, medium, and high severity level [7] . Density or level of distress is the percentage area of a type of distress to the width of a unit segment that is measured in square meters. A density value of damage is distinguished also by the level of distress, i.e. low, medium and high.
Density formula is:
Where: Ad = the total area of the type of distress for each level of damage (m 2 ) As = the total area of the segment unit (m 2 ) Deduct value is the value reduction for each type of distress derived from the relationship between the curve and the density and deduct value. Deduct value is also distinguished by the extent of damage for each type of damage. Total deduct value (TDV) is the total value of individual deduct values for each type of distress and the level of distress available to a study.
Corrected deduct value (CDV) is obtained from the curve of the relationship between the value of TDV and the value of CDV with the selection curve according to the number of individual deduct value that has a value greater than 2. If the value of CDV is known, then the value of PCI for each unit can be determined by the formula:
Where: PCI(s) = Pavement Condition Index for each sample CDV = Corrected Deduct Value for each sample For PCI, the overall value is obtained from a total value of PCI (s) divided by the number of samples. The value of PCI can be used to know the quality of pavement under certain conditions, namely good (86-100), satisfactory (71-85), fair (56-70), poor (41-55), very poor (26-40), serious (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) , and failed (0-10) [8] .
Drainage Conditions
Appropriate drainage is a pre-requisite for good pavement management. Inadequate drainage or clogged or broken drainage facilities will lead to inundation, and eventually, will weaken the pavement and accelerate pavement deterioration. The survey methods enable areas with poor drainage to be systematically identified and investigated [9] . Drainage conditions according to [10] are classified into several levels as presented in the following Table 1 . 
METHODOLOGY
The object of research on the ring road Universitas Indonesia, Depok, was divided into 11 sections. For flexible pavements, each section consisted of ± 20 units per unit sample area by the sample of 250 m2 ± 90 m2. Inspection of each unit of the sample requires more effort, especially if the observed section is relatively large. In this study, the authors wanted to know the cost of treatment which is based on pavement conditions, so that the survey was carried out at the project level of inspection level.
Of the investigated 11 sections, data collection was conducted directly by reviewing the segment distress and the drainage conditions on the roadside and then comparing the results with the selected literature and performing assessment whether the damage occurred within the limit of damage caused by inundation. The results of visual data were analyzed to examine the effect of road deterioration caused by drainage conditions. 
Where: N = the total number of sample units in the section E = allowable error in the PCI estimation of section (e is set equal to 5 when constructing the curve in Figure 2 ).
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The example of calculation of the number of sample units that should be reviewed in section 3 by using equation (3) is: n = = 10-sample units (4) The survey was conducted to determine the length of the road that would be observed and to measure the width of the road. The total length of roads is 10.87 km. The width of the road is 6 m for each path. To facilitate data collection, the survey location was divided into 11 sections as shown in Fig. 3 . The types of damage that occurred on the observed paths including alligator cracking, block cracking, depression, transverse cracking, longitudinal cracking, patching, polished aggregate, pothole, shoving, slippage cracking, upheaval and raveling. Table 2 below describes some types of damage encountered during field survey in this study. 
ANALYSIS AND RESULT
Based on the analysis, the PCI values ranged from 62.90 at section 8 to 96.17 at section 6, where preventive handling is required for section 8 and section 9 as shown in Table 3 . 
Calculation of Life Cycle Cost Analysis
The cost of road construction consists of design expenses, material extraction, construction equipment, maintenance and rehabilitation strategies, and operations over the entire service life. An economic analysis process known as Life-Cycle Cost Analysis (LCCA) is used to evaluate the cost-efficiency of alternatives based on the Net Present Value (NPV) concept [11] .
Based on the results of the calculation of the cost of road maintenance of section 8, there are three treatments that can be applied to road distress, i.e., patching, seal coat and crack filling, in which each of them has the expected life of 3, 3 and 2 years with cash flow as shown in Fig. 4(a) . Meanwhile, the cost of patching is IDR 3,204.275.4; the cost of seal coat is IDR 1,703,676.5; and the cost of crack filling is IDR 5,558,667.3 Furthermore, from the result of road maintenance cost calculation for section 9 above, there are three treatments that can be applied for road distress, i.e., patching, seal coat, and crack filling, in which each has expected life of 3, 3, and 2 years with cash flow as shown at Fig. 4(b) . Moreover, the cost of crack patching is IDR 13,156,537.30; the cost of seal coat is IDR 6,335,705.12; and the cost of crack filling is IDR 376,858.8.
Three scenarios were arranged with the inputs of primary data from the field survey and road maintenance cost was analyzed using LCCA method. Three hundred and seven identifiable distress points were grouped according to the age of the proposed treatment and were compiled into three scenarios. The first scenario has a 2-year treatment life, the second scenario has a 3-year treatment life, and the third scenario has treatment age of 3-month. The road pavement is assumed to have 40 points of damage over a period of 2 years and maintenance will be done at the end of year-2, end of year-4, and end of year-6. The first scenario is applied using crack filling treatment with a cost of IDR 13,886,199,05 and is applied every 2 years as shown in Fig. 5 (a) . Thus, the total NPV will be calculated for the first scenario with a 6-year life cycle with an interest rate and inflation rate of 16.27% per annum as shown in Table 4 . From 307 points of the identified distress, there are 253 points of damage and the second scenario uses patching treatment with a cost of IDR 84,488,116.60; rout and seal treatment with a cost of IDR 12,147,224.88; seal coat treatment with a cost of IDR 20,886,004.32 and slurry seal treatment with a cost of IDR 18,456,399.28 for every 3 years as shown in Fig. 5(b) . The total NPV will be calculated for the second scenario with a 6-year life cycle with an interest rate and inflation rate of 16.27% per annum as shown in Table 5 . In the third scenario, it is assumed that the drainage along the outer ring road of Universitas Indonesia is in good condition, hence no single distress occurs. The cost budget plan is used for drainage channel maintenance with a cost of IDR 18,176,947,74 and waterhole treatment with a cost of IDR 4,743,664.80 as shown in Fig. 5 (c) . Thus, the total NPV will be calculated for the third scenario with a 6-year life cycle with an interest rate and inflation rate of 16.27% per annum as shown in Table 6 . 
CONCLUSION
Road maintenance strategy that can be applied at Universitas Indonesia based on LCCA method is the first scenario, i.e. road maintenance on some regular basis of every two years with the lowest NPV value, amounting to IDR 23,490,602 with a life cycle analysis of the period of 6 years.
Based on the results of the comparison between three scenarios, the NPV of the first scenario is selected as a strategy and road maintenance costs in a manner overlay on the outer ring road of Universitas Indonesia, which suggests the potential cost savings of IDR 18,826,750.
